Exercise echocardiography The study consisted of recording the baseline blood pressure, electrocardiogram, phonocardiogram and M-mode and two-dimensional echocardiograms after 20 min of rest in the supine position, followed by exercise in the supine position using a multi-stage bicycle ergometer (Model EM-038, Tatebe Seishudo Ltd.). With work load, which started at 25 watts and was increased by 25 watts every 3 min, and at the steady state of 75 watts, the same measurements as before exercise were performed to obtain at-exercise readings. Mmode and two-dimensional echocardiograms were obtained in the third or fourth intercostal space at the left sternal border using a Toshiba SSH-11A echocardiograph with a Honeywell strip-chart recorder at a paper speed of 100 mm/sec, with a 2.24 MHz transducer. Simultaneously, the two-dimensional echocardiogram was recorded on video tape to ascertain that none of the subjects had an asynergy of the left ventricular wall. Systolic and diastolic blood pressures were determined by auscultation.
Echocardiographic measurements Measurements were obtained from M-mode echocardiograms. As shown in Fig. 1 , the left ventricular end-diastolic dimension (LVDd), interventricular septal wall thickness (SWT) and left ventricular posterior wall thickness (PWT) were measured on the vertical line drawn at the Q-wave of the electrocardio- gram. The left ventricular end-systolic dimension (LVDs) was measured at the onset of the aortic component of the second heart sound in the phonocardiogram. The stroke index (SI), cardiac index (CI), mean velocity of circumferential fiber shortening (mVCF), ejection fraction (EF) and total peripheral vascular resistance (TPR) were then calculated (Table II) . In addition, the time between the opening of the aortic cusps and the aortic component of the second heart sound and the ejection time (ET) were measured on the M-mode echocardiogram.
orally 30 mg/day for 7 days to all mildly hypertensive and normotensive subjects. Identical recordings and measurements were made on the final day of the administration, with the subjects performing exercise 2 to 4 hr after the final dose.
The indices of cardiac functions before and after exercise in the mildly hypertensive and normotensive subjects were compared before and after the administration of indenolol.
Statistical analysis
The statistical differences between Group N and Group H were tested by one-way analysis of variance. The differences between before and during exercise and between before and after indenolol were analysed by means of two-way analysis of variance of repeated measures. For comparison between each 2 groups non-paired or paired t-values were calculated. Significance refers to a p value less than 0.05.
RESULTS

1.
Before administration of indenolol (Table  III) 1 were no significant differences in HR, LVDd, SI, CI, EF and TPR as compared with the normotensive subjects. However, at exercise, the normotensive subjects showed expansion of LVDd, shortening of LVDs and increased SI. These changes were not prominent in the mildly hypertensive subjects. The ET was shorter in the mildly hypertensive subjects than in normotensives, even at exercise. There were no significant differences observed between the 2 groups in HR, CI, EF and mVCF at exercise. The TPR decreased significantly after exercise in both groups; however, it was still higher in the mildly hypertensive subjects.
2. After administration of indenolol (Table  IV) 1 Fig. 3 . Effects of indenolol on blood pressure. After administration of indenolol, systolic (sBP), diastolic (dBP) and mean (mBP) blood pressures during exercise (Ex.) decreased significantly in the mildly hypertensive subjects (p<0.01), but remained unchanged in the normotensive subjects.
Fig. 4. Effects of indenolol on heart rate (HR) and ejection time (ET).
The HR decreased significantly in both groups of subjects after administration of indenolol (p<0.01).
The ET was significantly prolonged in only the mildly hypertensive subjects (p<0.01). There are many reports on pathological changes and cardiovascular dynamics of mild or borderline hypertension. Recently, there has been a report showing that cardiac hypertrophy appears in the early stage of borderline hypertension prior to the blood pressure elevation.11) Safar et al12) reported that a significant increase in the interventricular septal wall thickness / left ventricular posterior wall thickness ratio is observed in borderline hypertension. In the present study, echocardiography showed significant increases in SWT and PWT in the mildly hypertensive subjects. These increases may suggest a tendency of these subjects to develop cardiac hypertrophy.11) Although the etiology of cardiac hypertrophy in borderline or mild hypertension is not yet clear, it may be attributed only to the elevation of afterload due to mild elevation of the blood pressure and increased peripheral vascular resistance. Thus, studies including the involvement of the sympathetic nervous system and catecholamines would be required to clarify the mechanism of occurrence of cardiac hypertrophy.
It is a well-known fact that cardiac output increases in early hypertension.1),2) However, Weiss et al13) measured cardiac output in borderline hypertension twice on different days, and the increased output was observed only in the first measurement. In addition, Julius et al14) reported that only 30 to 50% of the patients with borderline hypertension showed increases in cardiac output by two standard deviations or more as compared with the control. Fouad et al15) did not observe any specific trend in cardiac output in patients with juvenile hypertension; but the data were distributed widely over the range of 3.86 to 10.3 L/min. In the present study, the hemodynamics of the mildly hypertensive subjects at rest showed a trend of excessive wall motions, such as shortening of LVDs and increase of mVCF, even though SI and CI were not substantially different from those of the normotensive subjects. However, this trend disappeared upon exercise. Thus, no clear ' hyperkinetic state'16) was seen in the mildly hypertensive subjects. Accordingly, we cannot draw an unqualified conclusion concerning the difference between our results and those of the past reports, since our subjects Jpn.
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are not definitely limited to'early hypertension' or young subjects. Nonetheless, as explained earlier,13)-15) many investigators do not recognize the presence of this pathophysiology. Therefore, disappearance of the 'hyperkinetic state' at exercise3) is not yet a generally recognized mechanism of the onset of hypertension.
There is a recent report describing a disturbance of the left ventricular diastolic compliance in the early stages of hypertension, when the left ventricular contractility is still maintained at the normal level.17) In this regard, we have obtained some interesting results in cardiovascular dynamics at exercise. While the dBP at exercise was the same as that at rest in the normotensive subjects, it was elevated significantly in the mildly hypertensive subjects. In addition, the LVDd was increased significantly by a work load in the normotensive subjects, resulting in a significant increase in SI. However, in the mildly hypertensive subjects, no significant increase of either LVDd or SI was produced by the work load. There was no statistically significant difference in HR, and no clear difference seen in CI between the 2 groups. No significant differences were observed between the 2 groups in the mVCF and EF at exercise, which are the indices of left ventricular contractility. The TPR at exercise was significantly higher in the mildly hypertensive subjects, since it reflects mBP and dBP. Thus, in mild hypertension, the at-rest measurements did not clearly show any difference in cardiovascular dynamics compared with the normotensives, but responses of the cardiovascular dynamics at exercise were clearly different from the normotensive subjects. In the mildly hypertensive subjects, the increases in the afterload due to the elevations of the at-exercise dBP and TPR and the responses seen in the LVDd and the SI demonstrate that the Frank-Starling effect18) is attenuated in the mildly hypertensive subjects. This was possibly due to a decreased left ventricular compliance, resulting from elevation of the afterload and a tendency toward cardiac hypertrophy. There was no CI difference between the 2 groups of subjects and it was thought that the mildly hypertensive subjects maintained the CI by increasing HR. The left ventricular contractility was nearly identical in both groups. Johansen3) found that the heart rate in, WHO Stage I hypertensive subjects at exercise was rather high and that stroke volume was rather low as compared with the normal controls, with the peripheral vascular resistance decreasing less significantly than in the normal controls. The results obtained in the present study do not contradict his findings.
2. Hemodynamic effects of indenolol at rest and during exercise in mildly hypertensive subjects 
